A nkle sprain is a common musculoskeletal injury that frequently occurs in sports activity. In most cases, the injury involves an inversion trauma of the ankle, with damage to the lateral ligament and, in particular, rupture of the anterior talofibular ligament. In some cases there is more damage, often involving a rupture of the calcaneofibular ligament. In the Netherlands, about 600 000 people sustain an ankle sprain each year; of these, general practitioners see about 125 000 patients (8 per 1000 patients) per year. 30 In the United States and the UK, about 23 000 and 5000 injuries of the ankle, respectively, occur each day. 16 Initial treatment for a lateral ankle sprain is mostly conservative and con-sists of functional interventions that include early mobilization; instruction in rest, ice, continued weight bearing, and sometimes physiotherapy; and external support for the injured ankle (tape, bandage, or brace). 2 In 36% to 85% of patients, conservative treatment leads to a full recovery. 33 However, for severe acute ankle sprains, surgical interventions may yield slightly better outcomes for function and instability compared with conservative treatment. 21,28 Nevertheless, it remains unclear whether this slight benefit compensates for the higher costs and higher risk of complications postsurgery.
[ research report ]
A nkle sprain is a common musculoskeletal injury that frequently occurs in sports activity. In most cases, the injury involves an inversion trauma of the ankle, with damage to the lateral ligament and, in particular, rupture of the anterior talofibular ligament. In some cases there is more damage, often involving a rupture of the calcaneofibular ligament. In the Netherlands, about 600 000 people sustain an ankle sprain each year; of these, general practitioners see about 125 000 patients (8 per 1000 patients) per year. 30 In the United States and the UK, about 23 000 and 5000 injuries of the ankle, respectively, occur each day. 16 Initial treatment for a lateral ankle sprain is mostly conservative and con-sists of functional interventions that include early mobilization; instruction in rest, ice, continued weight bearing, and sometimes physiotherapy; and external support for the injured ankle (tape, bandage, or brace). 2 In 36% to 85% of patients, conservative treatment leads to a full recovery. 33 However, for severe acute ankle sprains, surgical interventions may yield slightly better outcomes for function and instability compared with conservative treatment. 21, 28 Nevertheless, it remains unclear whether this slight benefit compensates for the higher costs and higher risk of complications postsurgery.
In different studies, it has been reported that 3% to 34% of patients with lateral ankle sprain experience persistent complaints of pain, swelling, resprain, a giving-way sensation, or limitations in activities and sports participation; and 10% to 20% of patients have persistent complaints of instability of the injured ankle. 17 When these complaints persist for more than 6 months, the term chronic (lateral) ankle complaints or functional ankle instability is often used. 17 While most patients recover completely after a lateral inversion ankle injury, a considerable percentage have persistent complaints. Currently, it is still unclear which treatment options are best for these patients. Although many types of treatments are available, there is a lack of evidence on T T STUDY DESIGN: Systematic review.
T T OBJECTIVE:
To determine the effectiveness of treatments for patients with chronic complaints after ankle sprain. T T BACKGROUND: Though most people recover completely after a lateral inversion ankle injury, a considerable percentage have persistent complaints. Currently, it is still unclear which treatment options are best for these patients.
T T METHODS: Major databases, including
PubMed, Embase, CINAHL, and PEDro, were searched for randomized controlled trials and controlled clinical trials conducted from 1966 to October 2012. Due to clinical heterogeneity, the data were analyzed using a best-evidence synthesis.
T T RESULTS:
A total of 20 randomized controlled trials and 1 controlled clinical trial were included in the analysis. The included studies compared different treatments (training programs, physiotherapy, chiropractic/manual therapy, surgery, postoperative training, and functional treatment). For pain and function outcomes, limited to moderate evidence was found for effectiveness of a training program compared to conservative treatment. Two studies found a decrease of recurrences after a proprioceptive training program. Four studies showed good results for different surgical methods but did not include a nonsurgical control group for comparison. Limited evidence was found for the effectiveness of an early mobilization program after surgery.
T T CONCLUSION:
In chronic ankle complaints after an ankle sprain, a training program gives better results for pain and function, and a decrease of recurrent ankle sprains, than a wait-and-see policy.
There was insufficient evidence to determine the most effective surgical treatment, but limited evidence suggests that postoperative, early mobilization was more effective than a plaster cast.
the effectiveness of these treatments for chronic ankle complaints.
Therefore, the aim of this study was to systematically review the effectiveness of the different types of interventions used for chronic ankle complaints after a lateral ankle sprain, including different conservative treatments (ie, training programs, postoperative training programs, manual and chiropractic therapy), as well as various surgical procedures.
METHODS

Criteria for the Inclusion of Studies
S elected articles had to fulfill the following criteria: (1) a sample of persons over 18 years of age who had suffered a lateral ankle sprain or had a resprain and had chronic complaints (at least 6 months after the ankle sprain occurred) of pain, swelling, instability, or giving way; (2) a randomized controlled trial (RCT) or controlled clinical trial (CCT) study design; (3) publication in English, French, German, or Swedish language; (4) any of the following outcome measures described at follow-up: pain, function, swelling, proprioception, balance, and recurrences; and (5) interventions that included functional treatment, training programs (neuromuscular, strength, balance training), physiotherapy, manual therapy, chiropractic therapy, or surgery, or a combination of these.
Literature Search
A primary search was conducted in PubMed (MEDLINE) from 1966 to October 2012, Embase, CINAHL, PEDro from 1984 to October 2012, and the Cochrane Central Register of Controlled Trials. The terms location and injury treatment and the design of the studies were linked by the Boolean operator AND. For each of the terms, 1 or more synonyms were used (APPENDIX A, available online).
Starting this review, we identified all references included in 3 earlier reviews (van Rijn et al, 33 van Os et al, 31 and de Vries et al 4 ).
Study Selection
Two reviewers (D.M. and J.V.O.) independently screened the titles and abstracts to identify potentially relevant studies for full review. Abstracts for which full articles were not available or not published were not included in this study. After reading the full text of the identified articles, the same 2 reviewers (independently of each other) selected the studies to be included in this review. Additionally, references from these studies were screened for potential relevant articles. Any disagreement between the reviewers regarding inclusion was resolved by consensus.
Risk-of-Bias Assessment
Two reviewers (M.V.M. and J.V.O.) independently conducted the risk-of-bias assessment of the included studies using the risk-of-bias tool, as advised by the Coch rane Collaboration, which consists of 12 items (TABLE 1) .
Each criterion was scored as positive, unclear, or negative. Criteria scored as positive received 1 point, and those scored as negative/unclear received no points. Disagreements in assessment were resolved by discussion. The risk-ofbias score for each study was calculated by summing the total number of positive criteria. A low risk of bias was defined as 
fulfilling 6 or more of the internal validity criteria.
Data Extraction
Relevant data from the included articles were extracted by 1 reviewer (J.V.O.), including the names of the authors, year of publication, study design (RCT or CCT), interventions, outcome measures, outcomes expressed in scores (eg, mean, median, standard deviation, percentage, and confidence interval), study results/ conclusions, and additional relevant comments (APPENDIX B, available online). The included outcome measures were categorized as follows: function, including function measures (self-perceived functional ability; functional limitations; and participation expressed in Foot and Ankle Disability Index [FADI], FADI-sports, Sefton, Tegner score, and Karlsson score) and objective measures of function (range of motion, eversion torque, and peak torque); or combined subjective and objective measures, such as the Zwipp score, balance (center of pressure, static postural control, postural sway, and Star Excursion Balance Test [SEBT]), proprioception (defined as joint position sense, change in muscle reaction time, or onset latency), pain (visual analog scale, numeric rating scale, McGill Pain Questionnaire, and part of the Zwipp and Sefton scores), swelling (part of Sefton), recovery (expressed in subjective scoring scales), and recurrences (expressed in number of resprains).
When possible, the mean difference or odds ratio (OR), with 95% confidence interval, was extracted or calculated from the original studies.
Analysis
Treatments reported in studies were combined into 4 main clusters: (1) training programs, (2) manual therapy and chiropractic treatment, (3) surgery, and (4) postoperative training programs. If trials reported outcomes only as graphs, where possible, the mean score and standard deviation were estimated from these graphs. Results of continuous data were presented as mean differences with 95% confidence intervals. For dichotomous data, the OR was calculated.
Statistical pooling was performed when studies were clinically homogeneous concerning population, intervention(s) used for treatment, and outcome measures. In the case of clinical or measured heterogeneity in outcome, data were analyzed using a best-evidence synthesis based on a rating system with 4 levels of evidence to express the quality of the studies: (1) strong evidence (scientific proof in multiple RCTs with a low risk of bias), (2) moderate evidence (high level of proof in 1 RCT with a low risk of bias and 1 or more RCTs with a high risk of bias, or by generally consistent findings in multiple RCTs assessed as having a high risk of bias), (3) limited evidence (only 1 RCT assessed as having either a low or high risk of bias), (4) conflicting evidence (conflicting findings in the RCTs, less than 75% of the studies reporting consistent findings), and (5) no available evidence-based evidence (no RCTs available). Outcomes measured up to 3 months after baseline were considered to be short-term outcomes, and those measured 12 months or more after baseline were considered to be long-term outcomes.
RESULTS
Description of Studies
T he database search yielded 3272 potentially relevant articles. After screening titles and abstracts, 56 articles were extracted for full-text review. Finally, 21 studies fulfilled the criteria for inclusion (FIGURE) . The included studies investigated training programs (n = 12), 1, 2, 5, 6, 8, 9, [13] [14] [15] 22, 25, 26 surgery (n = 4), 10,18,23,24 postoperative training programs (n = 3), 19,20,23 and chiropractic or manual treatment (n = 2) 12,27 (TABLE 2). The different training programs consisted of multiple components, including strength training, balance exercises, proprioceptive exercises, and a combination of these. 1 presents the overall assessment of the risk of bias in the included studies. Of the 21 studies, most had 2 to 3 positive items, and only 3 studies had a score of 5 to 6 points. 12-14 Therefore, only 2 studies were defined as having a low risk of bias. 12, 14 The patient, care provider, and outcome assessor were not blinded in 95% of the included studies. Moreover, in most studies (n = 20), it was unclear or not stated whether the randomized participants were analyzed in their allocated groups, whether the reports of the studies were free of selective outcome reporting, and whether cointerventions were avoided.
Risk of Bias
Effectiveness of Interventions
Training Programs Versus Controls (Wait and See): Short Term Nine studies (1 CCT) compared a training program with a control group, with a follow-up of 4 to 6 weeks. 1, 2, 6, 8, 9, 13, 15, 22, 25 All of these studies had a high risk of bias and reported outcomes of balance (expressed in postural stability by sway index, SEBT, and center of pressure), both selfperceived as well as objectively measured function (expressed in FADI and eversion torque), and proprioception (passive/active position sense, muscle reaction time, and onset latency).
Of the 9 studies, 8 measured balance as an outcome measure. In 3 of these 8 studies, no differences were found in effectiveness of the training program compared with controls for the outcome of balance. 1,6,9 In 6 studies, balance was expressed as center of pressure, postural sway, and SEBT score, 1, 6, 8, 9, 13, 22 and significant effects were found in favor of the intervention group compared with controls in 4 of these studies. In 2 of these studies, 8,25 there was a significantly better effect in the intervention group compared with controls, measured mainly with the SEBT. Therefore, in patients with chronic ankle complaints, there is conflicting evidence for the effectiveness of balance training in the intervention group compared to the control group.
Proprioception was measured as an outcome in 3 studies. 1,2,6 Two studies 2,6 found a significantly better effect in the training group compared with the control group, with outcomes expressed as onset latency and muscle reaction time. The mean difference for onset time ranged from 1.29 to 1.20 milliseconds (effect size, -9.5 and -3.4, respectively). One study compared a balance and coordination training program with sham electric stimulation and a control group. The outcome of active and passive joint position sense showed no significant difference between the 3 study groups. 1 Therefore, for the outcome of proprioception, there was conflicting evidence for the effective-ness of the training group compared with a control group.
Ankle function was assessed in 4 studies. 8, 13, 15, 25 Of these, 3 found a significant effect on both self-perceived function as well as objectively measured function after a training program compared with controls on short-term follow-up, expressed in FADI, FADI-sports, Karlsson score, average torque, and peak torque. Therefore, for the outcome of function, there was moderate evidence for the effectiveness of a training program compared to controls at 4 to 6 weeks of follow-up.
Only 1 study investigated pain as an outcome (expressed in a visual analog scale), in which a significantly better ef-fect of the training group was seen compared with controls. 13 Therefore, for the outcome of pain, there is limited evidence for the effectiveness of a training program compared with controls.
Training Programs Versus Controls
(Wait and See): Long Term Two studies with a follow-up of 12 months compared a group that received proprioceptive training using a wobble board and ankle disc to a control group, with the incidence of recurrences as a clinical outcome. 14, 26 In both studies, the training program significantly reduced the incidence of recurrences in the intervention group compared with controls (reduction of recurrence ranged from 33% to 22%). Therefore, long-term follow-up of incidence of recurrences provided moderate evidence for the effectiveness of proprioceptive training compared with no intervention in patients with chronic ankle instability.
Comparison of 2-Week and 4-Week
Training Programs One study with a high risk of bias compared 2 exercise training groups (identical program with a wobble board) with different time schedules. 5 The first intervention group did exercises for 2 weeks and the second group for 4 weeks. For the outcomes of function and balance, the 4-week exercise program showed significantly greater effect sizes in function measured with the Ankle Joint Functional Assessment Tool compared with the 2-week program. Therefore, there is limited evidence for the effectiveness of a training program with a wobble board for 4 weeks compared with the same program for 2 weeks.
Chiropractic or Manual Therapy Versus Controls
One study with a high risk of bias compared chiropractic therapy with a wait-and-see approach for the outcome measures of pain and function (range of motion). 27 Significant differences were found in favor of chiropractic therapy for the outcome of pain at the last treatment session and at 1-month follow-up. Also, significantly better results in function (expressed as dorsiflexion range of motion and over- [ research report ] all ankle functioning) were found in the intervention group compared with the control group. Another study (with a low risk of bias) compared an intervention group that received a single joint mobili-zation treatment with a control group. 12 A significant difference in favor of the mobilizing treatment for the outcome of function (expressed as range of motion) was found. Therefore, for the outcomes of pain and function on short-term follow-up, there is moderate evidence that chiropractic therapy and/or manual therapy may be effective in patients with chronic ankle complaints. In all studies, the outcome measures included a general outcome score (excellent to poor, measured with the Sefton or Karlsson score), physical examination (range of motion), and radiographic re-sults (anterior talar tilt, expressing anterior drawing, and talar tilt), all with a follow-up of 10 to 29 months. All studies showed excellent to good results, ranging from 80% to 95% success in the surgical treatment groups. In 3 studies, there was almost no difference in the postoperative outcomes. 10,18, 29 In 1 study, there was a significantly better outcome on the subjective scoring scale after static repair treatment compared to the dynamic repair treatment. 24 In 1 study, significantly better findings on radiographs (decreased talar tilt) were found in the Evans group compared to the periosteal group. 29 In 1 study, there were more side effects after the Chrisman-Snook procedure compared with the modified Broström [ research report ] procedure. 10 In 3 of the 4 studies, no comparison was made between a surgical intervention group and a nonsurgical control group (eg, a functional treatment group). Therefore, among surgical interventions, there is insufficient evidence to identify a superior surgical treatment.
Surgical Treatment Versus a Conserva-
tive Training Program One study 23 compared surgical treatment with a training program in patients with second-stage rupture of the lateral ankle ligament. Function was measured by the Zwipp score, consisting of a scoring list (range, -30 to 30), physical examination (-20 to 20), and radiographic findings (-20 to 20). The mean difference between the intervention groups was a Zwipp score of 10.6, mainly caused by the differences on radiographic findings. The total Zwipp score for the surgical group was significantly higher compared to the functional treatment group. Therefore, there is limited evidence in favor of surgery over a training program on function at longterm follow-up in patients with secondstage ankle instability after ankle sprains.
Postoperative Treatment Programs
Compared Three studies investigated the effectiveness of postoperative treatments. 19, 20, 23 Outcomes measured were recovery (a subjective scoring scale on clinical complaints), function (physical examination [range of motion]), and radiographic results (anterior talar tilt and talar tilt). Early mobilization with a Walker boot after surgery gave a significantly better effect on both outcomes compared with treatment with a plaster cast. In contrast, in subjects with a rerupture after an ankle sprain, there was a significantly better effect after a second surgical treatment compared with conservative functional treatment. 23 In 1 study, there was no difference in outcomes after surgery between patients who had treatment with an ankle brace or a plaster cast. 19 Therefore, there is limited evidence for the effectiveness of early mobilization with a Walker boot and a training program after surgery in patients with ankle instability. Also, there is limited evidence for the effectiveness of a second operative procedure after rerupture of the lateral ligament compared to a conservative training program on the outcome of function. The effectiveness of the interventions of the included studies is summarized in 
DISCUSSION
T his systematic review summarized the effectiveness of different treatments for patients with chronic ankle complaints, mainly involving persistent ankle instability and function loss. Training programs for chronic ankle complaints gave overall better results in subjectively/objectively measured outcomes and preventive effects on recurrence in the intervention group compared with controls. However, the clinical evidence for this effect was of a limited to moderate level.
Surgery had good results in patients with recurrent ankle sprains, as expressed in subjective scoring scales (high percentage of good to excellent results); however, the evidence for effectiveness is insufficient due to the lack of comparison to a nonsurgical control group.
In 1 study, 23 a second operative procedure after rerupture of the lateral ligament showed a better effect than a conservative training program for the outcomes of function and balance.
Quality of Evidence
Our database search yielded 21 studies for the present review (20 RCTs and 1 CCT), the majority of which had a high risk of bias. Compared to previous reviews, more studies with different treatment options were identified and included in this review, so that the selected studies could be divided into subgroups (training and postoperative training, chiropractic and manual therapy, and surgical treatment).
For the balance tests, we found that most of the applied tests were unable to demonstrate significant differences between the groups, though differences have been seen on other functional outcome measures. However, in 3 studies we found a significant effect on the outcome of balance training using postural sway and the SEBT, resulting in conflicting evidence. 8, 22, 25 The lack of effect observed on some balance tests might be due to the test characteristics, or the fact that functional training does not have much influence on balance.
Positive effects on clinical outcomes, measured with the FADI and the Karlsson score, were found in the short term for the training group in 3 studies. 8, 13, 25 Strength and proprioception gave better results in another study. 15 In 2 long-term studies, 14,26 there was a significant positive effect in decreasing recurrences after a training program. Therefore, clinical assessment of the effectiveness of training programs in patients with chronic ankle complaints with a standardized questionnaire/physical examination to assess function and recurrence is recommended. To measure proprioception and balance, it would seem best to use a selection of standardized tests measuring different outcomes. However, balance and proprioception are 2 outcomes that are hard to differentiate from each other, because an improvement in proprioception will consequently lead to better balance. Proprioception often refers to a sense of joint position, measured by a change in onset latency or muscle reaction time. Based on the studies in this review, we found a positive effect in onset latency for proprioception, and balance as measured by the postural sway and the SEBT balance test, when comparing intervention groups to control groups. Further studies should give more evidence for the value of the different tests.
Surgery is often considered to be an effective treatment for patients with chronic ankle instability. A good to excellent effect on clinical outcomes was found in most of the selected studies. However, in 4 of the studies, no comparison was made with a control or usual-care group. Therefore, it remains unknown whether surgery gives a better outcome compared to functional training or usual care in patients with chronic ankle complaints. One study, however, did show a reduction in recurrences of sprains after a secondary reoperation compared to functional training. 23 It is important to note that most of the included patients in these studies were recruited from a secondary care setting, in contrast to the training studies, which might have influenced the outcomes.
Comparison With Other Studies or Reviews
An earlier systematic review 4 published in 2011 included 10 RCTs investigating the effectiveness of both conservative and surgical interventions for treating chronic ankle instability. de Vries et al 4 reported insufficient evidence to support any specific surgical treatment for chronic ankle instability. In addition, it was concluded that neuromuscular training alone was effective in the short term for chronic ankle instability compared to no training. 4 Given the lack of consensus on the definition of ankle instability as a chronic complaint, we selected all studies describing any type of chronic complaints after a lateral ankle sprain. 3 This resulted in 11 additional studies and, consequently, a more complete overview of the current literature, including 2 studies on chiropractic/manual therapy treatment. Therefore, the present systematic review provides a comprehensive overview of different treatments currently applied in patients with chronic ankle complaints. Like de Vries et al, 4 we found that training programs were effective at short-term followup; however, we also found long-term beneficial effects in the current review.
Another systematic review assessed the effectiveness of additional supervised exercises compared with conventional treatment alone in patients with acute lateral ankle sprains 32 and found no strong evidence for the effectiveness of supervised exercise therapy on the different outcome measures. In patients with chronic ankle complaints, we found conflicting evidence on the outcomes of balance and proprioception but moderate evidence for the effectiveness of a stabilizing training program on function and resprains.
In summary, evidence indicating the best treatment for subjects with chronic ankle complaints remains scant. There is limited to moderate evidence that a training program yields a better effect on function and pain compared to no training program. In most of the studies, although many different outcome measures were used to express function, no differences were found between the intervention groups. Therefore, for future studies it is recommended that the outcome measure of function be standardized.
Balance was the most frequently reported outcome measure, and in many studies this was also one of the inclusion criteria. However, a recent review on persistent complaints showed that both pain and function are also mentioned as frequent complaints after a lateral ankle sprain. 33 Moreover, our review showed that within the different dimensions of persistent complaints (eg, pain, instability, swelling, and resprain incidence), different outcome measures were used.
In clinical practice, standardized training programs may provide effective treatment of chronic ankle instability and prevent recurrence after a lateral ankle sprain. Persistent ankle instability and recurrence can be treated by surgery, though with consideration that there are no studies comparing surgery to a training program or controls. Further studies to support these findings are necessary.
Strengths and Limitations
A strength of this review is that the literature search was performed according to the Cochrane criteria and only RCTs and a CCT (from 1966 to 2012) were included. The search included all interventions used for patients with chronic ankle complaints, without any restriction on clinical outcome types.
The present review included studies of chronic ankle instability without differentiating between mechanical insta-bility, perceived instability, or recurrent sprain, which might have influenced the outcomes. 11 Due to the heterogeneity of the trials, it was not possible to perform statistical pooling. The main cause of heterogeneity was the use of different outcome measures, meaning that we had to perform a best-evidence synthesis rather than pool the results. In addition, the setting in which the studies took place might also have influenced the outcomes and therefore indirectly might have caused heterogeneity between the studies. It is recommended that future studies use standardized tests for outcome measures to enable the pooling of results. Based on this systematic review, we suggest that the FADI and the FADI-sports be used to assess function, the postural sway test and SEBT be used to evaluate balance, and muscle reaction time be used to assess proprioception. The usefulness of muscle reaction time as an outcome is, however, debatable, as a recent review demonstrated that muscle reaction time (mostly delayed) is not a feature of people with chronic ankle sprains. In this systematic review, studies were scored by a rating system that also evaluates the quality of evidence, which found that, overall, the quality of the evidence in the included studies was limited to moderate. Many of the included studies that compared training with a control treatment had very low power, due to the small study population.
For higher-quality evidence on the effect of training programs among patients with chronic ankle instability, more RCTs with sufficient power and a longer period of follow-up are required.
Relevance to Sports Medicine
For treatment of chronic ankle complaints, many procedures are mentioned, mostly functional training or surgery. Until now, there has been no clear evidence for the effectiveness of any specific surgical or conservative intervention in the treatment of chronic ankle complaints after an ankle sprain. Compared to previous reviews, the present review found more studies that compared train- [ research report ] ing programs with a control group and had longer follow-ups, which resulted in a higher level of evidence. In addition, there were 2 studies of chiropractic and manual therapy treatment, both of which suggested a better effect of these treatments compared with a wait-and-see approach. We found limited to moderate evidence for the effectiveness of training programs compared to control groups in patients with chronic ankle complaints for the outcomes of function and pain.
Recurrence of ankle sprains might be prevented by a proprioceptive training program.
CONCLUSION
T his review found limited to moderate evidence for the effectiveness of a training program compared to control groups in patients with chronic ankle complaints for the outcomes of function and pain. Recurrence of ankle sprains may be prevented by a functional training program. For patients who have surgery, a postoperative early mobilization training program may be advised.
Implications for Future Research
More evidence on the effectiveness of different interventions in individuals with chronic ankle complaints (often expressed as instability, pain, and loss of function) compared to controls is needed from RCTs with higher statistical power, adequate randomization, and longer follow-up periods. In addition, more studies should compare surgery with training programs in patients with persistent instability complaints after ankle sprain.
Also, when comparing studies, standardized, less ambiguous outcome measures are needed to determine the most important dimensions of the chronic character of the complaints, that is, not only outcomes for instability and imbalance, but also for pain, function, and resprain incidence. This would allow an evaluation of how to obtain better effects from specific treatments. Such a core set of outcome measures should be standardized and have worldwide consensus so that the results of future trials can be summarized and the best possible treatment can be provided for patients with persistent complaints after a lateral ankle ligament sprain. t
KEY POINTS
FINDINGS: There is limited to moderate evidence for the effectiveness of a functional training program compared to control groups in patients with chronic ankle complaints on the outcomes of function and pain. IMPLICATIONS: Functional training programs, often supervised by physiotherapists, seem to be beneficial for patients with chronic ankle complaints, and recurrences might be prevented by such functional training programs. CAUTION: Many of the included studies comparing training with a control treatment had very low power, due to a small study population and short follow-up time. Radiographs (ATT, deg) 7.2 (4-9) 6.7 (4-9) -0.5
REFERENCES
Radiographs (TT, deg) 4.2 (0-6) 3.7 (0-5) -0.5 No significant difference in the pre-exercise scores between the 2 groups. In the exercise group, there was a significant difference between pre and post results (P<.01), not for the control group; mean  SD was 28.4%  13.8% in the exercise group and 0.6%  11.1% in the control group A significant difference during wobble-board training program: TA, Interventions CAI: n = 16; rehabilitation (CAI rehab): 4-wk training (n = 3 lost to follow-up). n = 13 control (CAI control) (n = 1 lost to follow-up) Without CAI: n = 19; healthy group (n = 2 lost to follow-up) Subjects with CAI were randomly assigned. Exercises consisted of stretches, strengthening, single-limb stance, box hop, Carioca, figure-of-eight Outcome measures
Outcome measures were range of motion, muscle performance, and neuromuscular control They were selected to identify both impairments (postural control) and functional limitations (FADI, FADI-sports subscale, and SEBT) Postural control: using AMTI AccuSway force plate Three-dimensional ground reactions were measured in COPV Outcomes
All subjects completed a self-reported questionnaire Data were analyzed for 42 subjects; 6 did not complete the study COPV: no difference between CAI rehab and control group Results the same for subjects with CAI and healthy group SEBT: no difference between subjects with and without CAI Significant difference between involved and uninvolved limbs for the subjects with CAI Post hoc test: CAI rehab group had more improvement than the CAI control group and the healthy group. No difference between the CAI control group and healthy group FADI: at baseline, more ability in the healthy group than the CAI group Post hoc: the CAI rehab group showed more improvement than the CAI control group and the healthy group FADI-sports: comparable results to the FADI The follow-up testing included the same measurements as on baseline The CAI rehab group came for measurements 6 times in 4 wk (beginning, 2 wk at twice per week, and once per week in weeks 3 and 4; all groups at baseline and after 4 wk) Authors' results/ conclusions Subjects with CAI demonstrated deficits in postural control and functional limitations. Rehabilitation appears to improve these functional limitations There is evidence to suggest the SEBT may be a good measure to monitor change after rehabilitation for CAI Notes
This was a combined study (relatively small power): CAI rehab group and control group; CAI groups and a group of healthy subjects Study Han et al 9 Study design RCT Participants n = 40 subjects Age: 21.3  3.9 y Gender: 20 male, 20 female 20 persons with CAI, 20 healthy persons 10 subjects from the CAI group and the healthy-group (5 male, 5 female in both groups) were randomly assigned to the EG and the CG (total, 4) CAI group: 1 or more ankle sprains the last 12 mo and at least 2 or more ankle sprains within the last 36 mo Country: United States Interventions
Intervention group: 10 subjects from CAI group and 10 from the healthy group underwent a 4-wk exercise program on balance using elastic tubing, front and back pull, crossover, and reverse CG: 10 subjects from CAI group and 10 from the healthy group Outcome measures
The dependent variable was standing balance as measured by the total travel distance of the center of pressure using a force platform Outcomes Healthy normal subjects demonstrated better balance prior to training compared to the subjects with CAI. No difference in the pretest values for balance between the EG and CG. Female subjects had significantly better balance than male subjects The exercise program caused a significant improvement in balance for the EG when compared to the CG (t = -5.51, P<.001) and in the CAI group versus the healthy group (t = -2.76, P<.01) Subjects with and without history of ankle sprains in the EG improved balance, as measured by a decrease of the total travel distance of the center of pressure by 11.1 cm Subjects in the nonexercise CG (CAI and healthy) showed no change in balance, shown in total travel distance Individuals with ankle sprains improved their balance, as measured by decrease of the total travel distance of the center of pressure by 8.2 cm, whereas healthy normal subjects only decreased total travel distance by 2.4 cm There was a pretest, a test at 4 wk, and 8-wk follow-up for all groups On the 4-wk follow-up, there was no difference in the results Randomized, crossover design Participants n = 20 (9 male, 11 female); randomly assigned with concealed envelopes prepared by an independent investigator Inclusion: patients with a history of at least 1 ankle sprain in the past and at least 2 episodes of giving way within the last 3 mo Mean  SD age, 23.4  5.4 y; height, 174.6  7.8 cm; weight, 76.9  14.8 kg 10 subjects in a joint mobilization group in session 1 and in control treatment in session 2 10 subjects in control treatment in session 1 and joint mobilization in session 
ONLINE APPENDIX B
Interventions 10 subjects received a joint mobilization treatment in session 1 and a control treatment in session 2 10 subjects received the opposite sequence: first, control treatment in session 1 and then joint mobilization treatment in session 2 2-minute sets of Maitland grade 3 anterior-to-posterior talocrural mobilization Testing sessions were separated by greater than 24 h for a sufficient washout period between treatments. All subjects completed both sessions The investigators measuring all dependent variables were blinded to treatment sequences Outcome measures
Weight-bearing lunge test for measuring dorsiflexion range of motion Instrumented arthrometry (3 trials) for posterior talar displacement and posterior stiffness based on a previous protocol (mm) Dynamic postural control using SEBT in anterior, posteromedial, and posterolateral positions Static postural control (1 practice trial and 3 analysis trials) on a force plate, expressed in center-of-pressure anteroposterior and mediolateral, analyzed as TTB variables Outcomes All patients did both sessions A significant increase in dorsiflexion range of motion was detected for the joint mobilization treatment (P = .01) No significant differences were found with posterior talar displacement (P = .08) or stiffness (P = .27) No significant differences in the reach distances were found in the SEBT (P = .98) Posteromedial maximum reach direction was significantly higher compared to the posterolateral (P = .0001) and anterior (P = .0001). Posterolateral significantly higher than anterior (P = .0001) TTB eyes-open values were significantly higher than with eyes closed (P = .0001 Figure-of-eight running; subjects used a visual analog scale from 0 to 100 for pain Postural sway: before and after training; on 1 foot on a moving platform for 25 s and tried to keep balance when the platform tilted Eversion peak torque and range of motion by a Cybex Norm isokinetic dynamometer Testing with the subjects in the supine position with a seatbelt around the pelvis Recording with 1 slow (60°/s) and 1 fast (180°/s) angular velocity
Outcomes
The subjects underwent a pretrial on the cycle ergometer; maximal oxygen uptake, the work rate in W at the end of the test, and maximal heart rate were measured. Lactate test was done at baseline The subjects exercised 3 times a week on the cycle ergometer for 45 min All tests were done before and after the 6-wk period of high-intensity training No significant differences in testing were found between the groups at baseline Figure- of-eight: subjects in the test group ran faster after the trial than in advance and compared to the CG Visual analog scale during running: test group, 1.9 to 1.4; CG, 6.4 to 2.4 Eversion torque: increased in the test group (11.4%) at 60°/s (P = .037) and (14.2%) at 180°/s (P = .020) Not significant in the CG (1. 6% The outcome was the incidence of ankle sprain and its 95% CI, expressed as incident ankle sprains per 1000 hours of exposure. There were differentiated self-reported sudden inversions of the same ankle according to severity: recurrences leading to loss of sports time and recurrences resulting in health care costs or lost productivity costs or both There was 1-y follow-up in both groups; athletes reported recurrences on a monthly basis Recurrences were reported in a web-based questionnaire that also registered the health care costs and costs due to loss of productivity Athletes from the intervention group self-rated their compliance after 4 and 8 wk of training Outcomes
Results during 1-y follow-up Athletes who reported a recurrent ankle sprain: total, 145 (28%); intervention group, 56 (22%); CG, 89 (33%) Overall incidence of ankle sprain per 1000 hours of sports was 1.86 (95% CI: 1.37, 2.34) in the intervention group and 2.90 (2.30, 3.50) in the CG The risk of self-reported recurrences of ankle sprain was significantly lower in the intervention group than in the CG (RR = 0.63; 95% CI: 0.45, 0.88) Time loss (0.53; 95% CI: 0,32, 0.88) and costs (0.25; 95% CI: 0.12, 0.50) The results show that 9 athletes need to be treated to prevent 1 ankle sprain recurrence. The program led to a 35% RR reduction in the intervention group Subgroup analysis carried out for ankle sprains that included medical treatment during usual care at time of inclusion showed an intervention effect only for recurrences leading to costs (0.24; 95% CI: 0.08, 0.72). There was no difference for self-reported recurrences (0.89; 95% CI: 0.54, 1.45) and recurrences leading to loss of sports time (0.62; 95% CI: 0.30, 1.30). The intervention group had a significantly lower risk of recurrence than controls 58 (23%) in the intervention group fully completed the training program Authors' results/ conclusions
The use of a proprioceptive training program after usual care of an ankle sprain is effective for the prevention of self-reported recurrences Notes
Ankle sprain in the preceding 2 mo (subacute?)
Functional results in scoring scale: group 1: excellent/good, 80% (16); fair/poor, 20% (4). Group 2: excellent/good, 95% (19): fair/poor, 5% (1) Statistically significant difference in dorsal extension and plantar flexion at 6 wk Range of motion: same before and after operation In each group, 1 complained of functional instability after operation 3 in group 1 had complaints of stiffness and pain The mean time of sick leave was shorter in group 2 (6.5 1.6 wk versus 8.5  1.8 wk) Return to sports shorter in group 2 (9.5  2.2 versus 12.5  2.6 wk) At follow-up, return to sports: group 1, 18; group 2, 19 Mechanical stability: both groups had a comparable decrease in ATT and TT Authors' results/ conclusions
Early range-of-motion training is recommended after ligament reconstruction of the ankle, as it will enable earlier return to sports activity, shorter sick leave, and preserved mechanical stability Notes
Operation and 2 ways to revalidate Study Karlsson Proven objective instability more than 6 mo in patients with repeated giving-way sensation, pain, and swelling There was no difference between the groups in preoperative functional score Before operation, all patients had undergone a supervised rehabilitation program with success: evertors strengthening and proprioceptive training Standardized radiographic examination (anteroposterior and lateral), and stress radiography, expressed in ATT and TT, was performed Setting: operation and follow-up in Ostra Hospital in Göteborg Country: Sweden Interventions
After following a supervised rehabilitation program, patients for operation were randomized and divided into 2 groups by choosing a closed envelope Group 1: reconstruction of the ligaments as described by Karlsson et al 20 (n = 30) Group 2: modification of the Broström procedure described by Gould 7 (n = 30) The mean duration of surgery was significantly longer in group 2 than in group 1 Follow-up for 2 y (group 1, 3.1 y; group 2, 3.3 y) Outcome measures A scoring scale validated by Karlsson and Peterson was used Mechanical stability with standardized stress radiographs Minimal follow-up for 2 y Outcomes Subjective scoring scale: group 1: excellent/good, 90% (27) ; fair/poor, 10% (3). Group 2: excellent/good, 83% (25); fair/poor, 17% (5) No difference between men and women The preinjury activity level and also in follow-up was assessed using the Tegner scale; gave no influence of the functional results Patients with poor result had complaints of residual instability Mechanical stability: ATT group 1: 7.1 (4-10) at follow-up; preoperative, 10.1 (8-15). ATT group 2: 6.7 (3-9) at follow-up; preoperative, 10.3 (7-15). TT group 1: 4.9 (0-8) at follow-up; preoperative, 7.9; TT group 2: 4.4 (0-8) at follow-up; preoperative, 7.8 No significant statistical differences between the 2 treatment groups Surgical complications in 6 patients: 2 wounds and 4 nerve problems (grade 2) Authors' results/ conclusions
In the present study, there was no significant difference in functional outcome or mechanical stability between the 2 surgical treatment groups. Both surgical methods gave excellent or good functional results in the majority of patients Postoperative: 2 groups after surgical reconstruction of the lateral ankle ligament; before operation, all patients had undergone a well-supervised rehabilitation program, but without regaining functional ankle stability Group A (n = 15) were postoperatively immobilized in a below-knee plaster cast for 6 wk. Group B (n = 15) were treated with early mobilization using an Aircast ankle brace, after an initial period of 7 to 10 d in plaster Outcome measures Subjective assessments using a scoring scale with 8 different items. Pain, swelling, stability, stiffness, stair climbing, running, ankle support, work, sports activity, and daily living Torque measurements during concentric/eccentric plantar flexion/dorsiflexion Mechanical stability by radiography: ATT and TT Outcomes Scoring scale: preoperative group A, 45 (34-72); group B, 42 (32-75) Functional results: excellent/good, 12/15 in group A and 14/15 in group B No significant range of motion between the groups preoperative and postoperative Mechanical stability after 2 y better: decreased ATT and TT in both groups No significant difference between the 2 groups by follow-up After 2 y, Tegner activity level was 6 (2-9) in group A and 7 (4-10) in group B The peak torque concentric/eccentric plantar flexion of the ankle joint at 60% was significantly higher after 3 mo in group B compared to group A Follow-up after 6 wk, 3 mo, 6 mo, and 2 y Authors' results/ conclusions
After the construction of chronic lateral ligament instability of the ankle, the functional and stability results were equally good for early postoperative mobilization and with 6-wk immobilization in a plaster cast Using early mobilization, plantar flexion strength was regained earlier than with cast immobilization, without any risk of complications (like instability) They recommend early mobilization after anatomical reconstruction of the lateral ankle ligament Notes Small power Study Kidgell et al 22 
Study design
RCT Participants n = 20; 11 men, 9 women Inclusion: subjects who had sustained an ankle inversion injury the last 2 y Mean  SD age, 25.4  4.2 y University population, local sports clubs, police Setting: School of Exercise and Nutrition Sciences, Deakin University Country: Australia Interventions 3 randomly allocated groups: Dura Disc training (n = 7; 3 men, 4 women); mini-trampoline training (n = 6; 4 men, 2 women); control (n = 7; 4 men, 3 women): no specific training Subjects completed a 6-wk balance-training program Outcome measures Postural sway performing a single-leg stance on a force plate The displacement of the center of pressure was obtained from the force plate in the medial/lateral and anterior/posterior sway path and was used for pretest and posttest analysis There was a test at the beginning and after 6 wk of training Outcomes Data from the displacement of center of pressure did not vary between pretest and posttest conditions for the CG Pretest and posttest displacement of the center of pressure was significantly (P = .003) different between testing conditions for the mini-trampoline and Dura Disc groups There was no treatment effect, indicating that there was no significant (P = .193) difference between training groups (mini-trampoline and Dura Disc) and postural sway A trend in the data demonstrated that there was a difference between the mini-trampoline and Dura Disc groups, indicating that the mini-trampoline provided a greater improvement in static balance than the Dura Disc. This is supported by the positive percentage changes from pretest to posttest of 32% and 25.6% for the mini-trampoline and Dura Disc groups Authors' results/ conclusions
There was no significant (P>.05) difference detected for improvements between the mini-trampoline and Dura Disc groups. The mini-trampoline and the Dura Disc are effective tools for improving balance after lateral ankle sprain Notes Small power; comparing study in revalidation patients with CAI between mini-trampoline and Dura Disc 
